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1.0 Introduction

The Freight Network Technology and Operations P{&NTOP) is anticipated to bie most
comprehensive freight technology planning effort among state Departments of
Transportation (DOTSs) in the U.S. The FNTOP intends to outline potential strategies to guide
technology and operationsrelated investments onthe Texas Multimodal Freight Network
(TMEN). The ENTOP includes a review of current and future transportation challenges,
opportunities, and the development of user needs informed by focused public and private
sector engagement. The FNTOP is anticipatexlie an invaluable resource to help public
agencies and the private sector effectively plan for future deployments of freight
technologies, working in partnership across all modes of freight transportation.

This documeniititied Concept of Operationsdiscusses key information for the Smart
Freight Connectostrategy, which was one of the strategies identified in the FNTOP and
recommended by stakeholders for advancement to the ConOps phase. Bhgctive of a
ConOps is to describe the operation of the proped systemin a norntechnical and easyto-
understand manner. How the system is to be used and its anticipated benefits is described
from multiple stakeholder viewpoints as a way to provide a bridge between the needs that
motivated the project and the specit technical requirements.

1.1 Project Overview

The primary goal of the FNTOP is to develop a comprehensive plan advising TxDOT on
deploying technology based operational strategies to improve freight transportation safety
and mobility in Texas. The main objdaees of this project include

1 Identify and assess technological and operational strategies being used on the TMFN
or could be used in the future to improve safety, mobility, and facilitate economic
competitiveness;

1 Identify and assess the Texas Departmentf Tr ansportationds (TxD
challenges, and opportunities in terms of physical Intelligent Transportation System
(ITS) and related infrastructure, digital framework and related infrastructure,
operations, staffing and expertise, and statewide, cador, urban, and rural needs
and partnerships;

T Assess the TMFN®&s current and future techn
as its readiness and adaptability potential associated with the impacts of existing
and emerging technologies;

1 Develop strateges, policies, programs, and projects to address technological and
operational needs; and

1 Develop an Implementation Plan and a set of Concept of Operations documents, with
each focusedonaneat er m frei ght network technol ogy
concep.
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The FNTOP and Concepts of Operations wil/ gui
deployment of innovative multimodal freight transportation technologies, techniques,
research, and methods.

1.2 Project Reports

The FNTORP is based on a detailed assessmefittarrent and future needs, challenges,
gaps, and opportunities that inform strategies and a staralone Implementation Plan.
These assessments are compiled in the following technical reports:

1 Goals and Objective®eport Developed goals and objectives for the FNTOP in
alignment with existing and ongoing planning efforts and stakeholder input.

1 State of the Practice Assessment Reporhssessed the state of the practice
regarding freightrelated groups, policies, and initiaves in Texas, in addition to
existing and emerging domestic and international freight technological and
operational developments.

1 Inventory of Existing Conditions Repofttlentified ITS assets, applications, and
programs that exist on the TMFN, asell as summarized operational and
management processes related to TxDOT and partner use of technology
infrastructure.

1 Stakeholder Outreach Summary Repofummarized discussionand feedback
collectedat Texas public agency meetingsleeperdive discussiams with various
TxDOT Divisiongooperative Automated TransportatiofCAT) meetingPort Authority
Advisory CommitteéPAAC) meeting-NTORegional stakeholdemeetings TxDOT
stakeholder webinar workshop, FNTOP briefing with private and public sector
stakeholders, as well as the set of onen-one stakeholder interviews conducted.

1 UserNeeds AssessmenReport Identified and assessed the technological and
operational needs of the TMFN based on public and private sector stakeholder
feedback, which were corhined with initial research efforts to establish a set of
FNTOP User Needs.

1 Strategies and Conceptual Framework RepoR2ocumented FNTORIentified
strategies that are relevant to the goals and objectives of the FNTOP and based on
documented FNTOP User Nds. Identified details of theFNTOP identifiedtrategies,
including how they are prioritized and how they could fit together as part of a larger
conceptual framework that builds upon the existing Texas ITS program.

1 Concepts of OperationsDeveloped indepth concepts of desired operations and
maintenance requirements for the sl ENTOP recommendesirategies selected for
Concept of Operations (ConOps) development.
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1.3

Implementation Plan.ldentified nearterm, mediunterm, and longterm actions, in
addition to considerations necessary for the rollout of each of the 10 FNTOP
recommendedstrategies asthey are transitioned from planning to design.

Freight Network Technology and Opemahs Plan.Will summarize the entire plan
development tasks, as well as incorporate the technical and stakeholder
engagement tasks completed throughout this project in a final plan.

Stakeholder Engagement

The FNTOP began with research on existing freightiatives at TxDOT to gain a better
understanding of the current challenges faced by the Texas freight community. TXDOT then
reached out to a diverse group of stakeholders with a goal to solicit feedback and opinions
on the current state of freight operabns in Texas and the vision for the application of
technology to support future freight operations. The stakeholder interviews verified and
supported many of the issues identified by the FNTOP, while also informing the prioritization
of potential strateges to address deficienciesn the system.

This outreach included public sector stakeholders (internal and external to TXxDOT; federal,
state, and local) and private sector stakeholders. A brief overview of the full FNTOP outreach
effort is provided below:

1 TxDOT Stakeholder GroupBiisionOffices) -- This effort included key personnel

from many TxDODivisions, includingthe Transportation Planning and Programming
Division Information Technology Division, Traffic Safety Division, Trawébrmation
Division, Righiof Way Division, Rail Division, Maintenance Division, Maritime Division,
and Strategic PlanningDivision.

Freight Network Technology Regional OutreagiThis effort included discussing the
FNTOP at the TXDOT CAT Meeting, PMA&€ting, Houston (TranStar) Stakeholder
Meeting, Dallas/Fort Worth Stakeholder Meeting, a dedicated breakout session at
the 2019 Texas Mobility Summit in San Antonio, a stakeholder webinar workshop,
and a FNTOP briefing with private and public sector stdiaders. At each meeting or
session, moderators collected feedback regarding challenges and opportunities
associated with technologyased operational strategies to improve freight
transportation safety and mobility in Texas.

Public/Private Sector Stakehaler Outreachd This effort consised of one-on-one
phone and inperson interviews(total of 58) with stakeholder representatives in
multiple freight modes, freight companies, railroads, original equipment
manufacturers (OEMs)startups, industry groups, tecommunications companies,
research institutes, MPOs, cities, federal government, and othefsbreakdown by
type of stakeholder, based on the 58 interviews, is shown Exhibit1.



Exhibit1: Distribution of Stakeholder Types for Public/Private Sector
Outreach

Types of Stakeholders Interviewed

City Government
OEMs/StartUps 1y 7% Law Enforcement
12% L8 2% :

Transportation Data Research Institute |

Providers 4 10%
5% ‘ W—

Railroads
4%

Maritime Ports
10%

Industry Group
12%

Corporation with &
Internal Logistics
Service

5% Federal/State Agency
7%

Trucking Companies Metropolitan Planning
14% Border Crossing Organization (MPO)

3% 9%

1.4 Texas Multimodal Freight Network

The TMFN consists of the stateodsmovinggheght asse
| argest volumes of freight and that serve the
2018 TFMR, these assets cover:

1 Highways Highways are the predominant mode for freight movement within the
state, providing first and last mile connections to rail facilitiesparitime ports,
airports, and pipelines, as well as serving long haul trips destined throughout the
state and beyond. €xas has over 313,000 miles of public roadwayd making it the
state with the most extensive highway network. 21,861 miles are on tiexas
Highway Freight NetworkTHFN, with 745 miles designated as Critical Rural Freight
Corridors and another 372 mileslesignated as Critical Urban Freight Corridors. In
2016, trucks accounted for 54 percent of total tonnage moved in Texas. Intrastate
trucking tonnage is anticipated to grow significantly as more residents, businesses,
and freight locate within the state.

1 Railroads: With 10,539 track miles (all on the TMFN), Texas has more miles of rail
and more railroad employees than any other state. Texas contains five of the seven
rail crossings between the U.S. and Mexico, providing critical connections for trade
between t he two countries. Texasdo 49 shortlin

1 Texas Department of Transportatiorf,exas Freight Mobility Plan 2018March 7, 2018.
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railroads for Texasd three Cl ass | railroa
Rail way Company, and Unmaotimepgordscandmamry ofRai | r oa
t he st lséenedimdustries.

1 Ports and WaterwaysTexas handles the second highest volume of total maritime
tonnage of any state in the nation with 2Imaritime ports and the Gulf Intracoastal
Waterway (GIWW) system and is the leading state for international mam# tonnage.
Maritime port and waterway access are necessary to attract and support many
businesses, including the petrochemical se
industries. Nine of Texasdo 12 dearafpparzt er po
are included on tmieeporfioMd the GIWVE, refersed to 87 9
Marine Highway 69 (M59), is also a part of the TMFN. M9 handles twothirds of the
waterwayds traffic, moving approxi mately 8

1 Airports In 2016, six of the top 50 cargo airports in the U.S. (in terms of landed
weight) were | ocated in Texas. Out of Texa
included on the TMFN. Air cargo tonnage is expected to grow at a higher rate than
any other mode dueto market changes such as the increase in-eommerce and the
associated expectations for oneor two-day shipping.

1 Pipelines Texas has the most extensive pipeline network in the nation, with 426,000
total miles (59 percent intrastate and 41 percent interste), carrying 826.6 million
tons of cargo in 2016.

1 InternationalBorder Crossings Texas® 20 commercial intern:
are also all on the TMFN. Of those, 15 are commercial vehicle crossings, and the
other five are rail crossings.

Exhibit2 provides an overview of the assets designated as a part of the TM&Namely key
roadways, railroads, ports and waterways, airports, and international border crogs.

Exhibit3 maps out where these assets are located in Texas. The TMFN is important because
it identifies the key corridors that facilitate the efficient and safe mement of goods in

Texas and are the most critical for focused investment.




Exhibit2: Overview of Texas Multimodal Freight Network Assets

313,000 roadway centerline miles

| 21,861 miles on the Texas Highway Freight Network
745 miles of Critical Rural Freight Corridor
372 miles of Critical Urban Freight Corridor

10,539 miles of railroads on the TMFN

3 Class | railroads
49 Class lll or shortline railroads

21 ports and the Gulf Intracoastal
Waterway system
| 12 deepwater ports
| 9 included on TMFN
| 9 shallow draft ports
| 1 included on TMFN

| 879 miles of GIWW, all on TMFN

>

24 commercial airporis
| 7 air cargo airports on TMFN

426 000 miles of pipeline
y

99% intrastate

41% interstate

7277 | 20 commercial international border crossings,
all on the TMFN
15 commercial vehicle crossings
‘ O rail crossings

Transporting

1.2

Transporting

441"

Transporting

59 8 million
tons

Transporting

1 8 million
[+ tons

Transporting

837

Facilitating

73.5 e

Source: Texas Department of Transportation, Texas Freight Mobility Plan 281Bxecutive Summary, March 7, 2018.




Exhibit3: The Texas Multimodal Freight Network
The Texas Multimodal Freight Network
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The 2018 TFMP identified eight gas and associated objectives that help inform and
articulate TxDOTO6s freight investment priorit
and identify the desired future performance of the TMFRExhibit4 summarizes these goals,

some of which will be utilized later in this document to identify deficiencies in the existing

system and justify deployment of the&lentified strategy.

Exhibit4: 2018 TFMP Goals

Safety Improve multimodal transportation safety

Sl lale] ISl EINNERERE Improve the contribution of the Texas freight
transportation system to economic competitiveness
productivity anddevelopment

Asset Preservation and Maintain and preserve infrastructureassets using

Utilization costbeneficial treatments

Mobility & Reliability Reduce congestion and improve system efficiency
and performance

\[Slii[aleleEIN®Le s s [T\ WA Providetransportation choices and improve system
connectivity for all freight modes

Stewardship Manage environmental and TxDOT resources
responsibly and be accountable in decisiemaking

Customer Service Understand and incorporate citizen feedback in

decisiorrmaking processes and be transparent in all
TXDOT communications

Sustainable Funding Identify sustainable funding sources for all freight
transportation modes

Source: Texas Department of Transportation, Texas Freight Mobility Plan 2018

1.5 Summary ofExisting Conditions and User Needs

The FNTOP reviewed the existing ITS program in Texas, which represents the vast majority of
T x D OT étime traficarianagement applications that serve roadway user needs, including
freight. TXDOT utilizes Traffic Managent Centers (TME) as one of the key tools to operate

and manage its road network. TXDOT is a participant in several advanced mobility initiatives,
including an Integrated Corridor Management (ICM) program, a freight signal priority project,
and several @nnected Vehicle initiatives; that said, the vast majority of the ITS and traffic
management program resides in major metropolitan areas, with limited coverage or

response capabilities in rural areas. Relevant ITS programs in the context of this strategy a
discussed later in SectiorR.2. Further details on these programs and others can be found in
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the FNTOP State of the PractiokssessmentReport andFNTORnNnventoryof Existing
Conditions Report.

User Needs for the FNTOP were informed by tReTORGoals and Objectives, thENTOP

State of the PracticeAssessment Reportthe FNTORnventory of Existing ConditionReport,

and input from stakeholders. Relevant user needs that apply to this ConOps are presented
in Section2.5 to aid with traceability of features described later in thdocument. A full list

of FNTOP User Needs can be found as part of the FNTOP User Needs Assessment Report.

1.6 Summary of Strategies and Conceptual Framework Report

The FNTOP developed a series of technological strategies for improving freight operations in
Texas. The strategies developed as part of the FNTOP consider the range of existing and
emerging solutions available, based on traceability of the solutions to identified user needs
prepared as part of theFNTORJser Needs AssessmeniExhibit5 summarizes the potential
strategies proposed to guide technologynd operationsrelated investments on the TMFN.
Based on internal discussion and coordination withtkDOT, 10 of the 12 FNTOP strategies
were advanced based orflavorable feedback regarding direct relevance/importance to
freight needs, uniqueness as a standalone strategy, and value as an application. The two
strategies not advanced represented an infrastaiure solution (Fiber Optic Expansion) and
a strategy deemed to be too similar to another strategy (Freight Integrated Corridor
Management).

Key public and privatesector stakeholders were engaged to obtain feedback on the 10
strategies, including suggesd refinements, and priorities. Through outreach efforts,
stakeholders were asked to rank theecommendedstrategies based on the following
guestions:

1 Does the strategy add value to the Texas Multimodal Freight Network?

1 Is the strategy likely to succeed ifexas?

A total of six strategies were recommended to advance to Concept of Operations
development. There was consistent agreement among TxDOT and its stakeholders that
these strategies had high scores for adding value to the TMFN and were likely to seccin
Texas. The other strategies developed as part of this effort were either underway as part of a
separate effort or deferred due to another TxDOT initiativiexhibit5 reflects the final
recommendations for each strategy.




Exhibit5: Summary ofldentified FNTOP Strategies

Truck Parking Availability System Underway

HighResolution Freight Traveleinformation

System Advanced to Concept of Operations

Centralized Data Repository for Freight

Applications Deferrec?
ARSI ROl [l ST o ol A-s[d ADL 1M Advanced to Concept of Operations

Safety Warning Detection System Advanced toConcept of Operations
Smart Freight Connector Advanced to Concept of Operations

(o] Clo N E RIS VMl ERELEINEIESIAIGE] Advanced to Concept of Operations
Smart Work Zone Informatiorsystem Underway

Statewide Traffic Operations Center Advanced to Concept of Operations
Binational Traffic Operations Center Deferrec®

Freight Integrated Corridor Management Not Advanced

Fiber Optic Cable Expansion Not Advanced

lIncluded in other TXDOT ongoing initiatives

2Better fulfills goals and objectives of other TxDOT initiatives
3Not advanced due to similarities with Smart Freight Connector strategy

4Not advanced due to being an infrastructurcused commaodity instead of a technological or operational
application.

An overall technology framework was developed to demonstrate how the proposed FNTOP
strategies could work together as an integrated statewide system. The framework helps
illustrate the relationships between the FNTOP strategies and any overlapping opputies
that might allow for easier deployment. All strategies have the potential to be implemented
together in functional groups or as standlone systems.

Exhibit6 shows the relationship among integrated services and strategies.




Exhibit6: Potential Integrated Services and Strategies
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1.7 Purpose of the Concept of Operations Document

The development of &onOpsdocument is the next critical step necessary for each of the
six strategies selected for advancemertb create implementable solutions as part of the
FNTOP. The objectivaf a ConOps is to describe the operation of the proposed system in a
non-technical and easyto-understand manner. How the system is to be used and its
anticipated benefits is describedrfom multiple stakeholder viewpoints as a way to provide a
bridge between the needs that motivated the project and the specific technical
requirements. Each required functionality must be traceable back to documented user
needs prepared as part of theeNTOPUser Needs Assessment to ensure that the ITS project
addresses reaiworld issues. The ConOps document is used to collect feedback from the
system users and other stakeholders and to validate key assumptions built into the system
concept (e.g. who is rgponsible for what). By building support, gathering feedback, and
refining the proposed concept, the ConOps document serves as a hig¥el guide for
subsequent design efforts (e.g. System Requirements, Higével Design, Detailed Design).
It helps advancethe strategy into these subsequent phases by reducing the risk of the
strategy failing or being delayed due to a lack of agreement or understanding of the
proposed concept.

Priorities wereestablishedto helpi nf or m TxDOT&s sel esg¢htti on of t he
advanced to a ConOps. The development of FNTOP strategies, from proposal to ConOps, is
outlined in Exhibit7.

Exhibit7: Formulation ofStrategies from Proposal to Final Texas
Freight Network Technology and Operations Plan

Texas Freight
Network

Conceptual
Framework of
Recommended
Strategies

Development of i Prioritization of

Recommended Recommended Implementation

Strategies Strategies

Plan

Technology and
Operations Plan

Projects that engineer systendwhether the project is a simple ITS deployment or a complex
commercial airlinefifollow what is called the Systems Engineering Proce3sis process
identifies and outlines procedural steps of how the system is incrementally developed, how
the system is incrementally validated by stakeholders, and how the system is to be

12




measured and accepted. Zshosn ioEXhbit8Die asveslalzgtiome nt Mo
of one such process. This model was developed based on Systems Engineering industry
standards and ispartof US Depart ment of Transportationds (
projects. The development processes outlined in the model help transportation agencies use
common, consistent, and weléstablished systems engineering tools and processes to:

Improve the quaity of Intelligent Transportation Systems;

Reduce the risk of cost and schedule overruns;

Gain wide stakeholder participation;

Maintain, operate, and evolve the Intelligent Transportation System;

Maintain consistency with the regional and state ITS archeteires;

= =2 4 -4 A -

Provide flexibility in procurement options for the agencies; and

1 Keep current with the rapid evolution of technology.

Exhibit8: Systems Engineering ¥iodel

: Feasibility Study Operations Changes ;
ol (oo™ e (e
Exploration Maintenance  Upgrades
Lifecyle Processes Concept of \ < System Validation Plan_ _ _  System

Operations Validation

- . System Verification Plan

2 System '\ (System Acceptance) . System /
2 Requi ts\ Verification & 4
2 TN\ Subsystem $

_ Verification Plan
High-Level \(Subsystom Acceptance) “Sybsystem
Design Verification
———‘«\Unitl Device
Detailed ,\;gst_Plgﬂ Unit/Device
Design \ Testing

Document/Approval
e ——

e T e—
Software / Hardware
Development
Field Installation
Implementation
Time Line Development Processes

Source: Federal Highway Administration California Division a@dltrans, Systems Engineering Guidebook for ITS Version 3.0 Website

Development of the ConOps document is the first major step of the Decomposition and
Definition phase of the Wodel, where ITS project concepts become more defined. It helps
establish thesimple expectations of the system so that stakeholders can understand what
the project intends to do and understand how it will be later validated when complete.

2 Federal Highway Administration California Division and Caltrans, t8yss Engineering Guidebook for ITS Version 3.0
Website
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1.8 Smart Freight ConnectoOverview

This ConOps is focused on th&mart Freight Connector strategy, which was one of the
priority strategies identified in the FNTOP and recommended by stakeholders for
advancement to the ConOps phase. This strategy aims to implement traffic management
technologies on lasimile corridors hat will efficiently manage operations alongey routes to
intermodal facilities such as maritime ports and airportsAt a high level, this strategy will
collect comprehensive trafficand freightrelated data to determine the performance of
operations alag a corridor. When needed, the existing arterial traffic signal system will be
adjusted to better accommodate freight traffic, such as prioritizing green movements (i.e.
green lights) in one direction or extending yellow clearance times (i.e. yellow Bytd allow
slower trucks to successfully clear an intersectiofmhis strategy would explore opportunities
to instrument truck staging areas to monitor and broadcast retime parking availability, as
well as deploy truck priority lanes to incentivize caiih deliveries (e.gautomated vehicles
[AVs] electric vehicles, etc.).

Exhibit9 provides an illustrative example of the Smart Freight Connector dtrgy that was
previously discussed in the FNTOP Strategies and Conceptual Framework Report.

Exhibit9: Illustrative Example oSmart Freight Connectoftrategy
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http://gis-txdot.opendata.arcgis.com/datasets/txdot-roadway-inventory
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https://www.fhwa.dot.gov/cadiv/segb/
http://ftp.dot.state.tx.us/pub/txdot/move-texas-freight/studies/freight-mobility/2018/plan.pdf
http://ftp.dot.state.tx.us/pub/txdot/move-texas-freight/studies/freight-mobility/2018/plan.pdf
https://ops.fhwa.dot.gov/freight/infrastructure/nhs_connect/index.htm
http://gis-txdot.opendata.arcgis.com/datasets/txdot-roadway-inventory
https://www.txdot.gov/driver/travel/managed-lanes.html
https://www.txdot.gov/driver/travel/managed-lanes.html
http://ftp.dot.state.tx.us/pub/txdot-info/managed-lanes/statewide-inventory.pdf
http://ftp.dot.state.tx.us/pub/txdot-info/managed-lanes/statewide-inventory.pdf
https://ops.fhwa.dot.gov/publications/fhwahop08024/chapter9.htm
https://www.fhwa.dot.gov/publications/research/randt/evaluations/17007/17007.pdf
https://www.marc.org/Transportation/Programs/Operation-Green-Light/About-OGL
https://www.marc.org/Transportation/Programs/Operation-Green-Light/About-OGL




